The paper contains an order-level inventory model having the demand rate to be a function of time. Here shortages are allowed and completely backlogged. An optimal model is developed by considering exponential demand which minimizes the total average cost. Numerical examples are used to illustrate the developed model. Sensitivity analysis of the optimal solution with respect to major parameters is carried out.
Introduction
Demand is the major factor in inventory management. In inventory models, four types of demand are basically assumed i.e. constant demand, time-dependent demand, probabilistic demand and stock-dependent demand. Inventory models with stock-dependent demand are getting more attracted in present situation. Therefore, many authors studied these models in depth. Gupta and Vrat [1] assumed demand to be dependent on initial stock levels. On the other hand, Baker and Urban [2] considered the on-hand inventory demand in polynomial form. The constant demand is valid only when the phase of the product life cycle is matured for finite periods of time. But the assumption of this constant demand rate is not always applicable to other inventory items like fashionable clothes, electronic equipments and delicious foods due to the reason of variation in demand rate.
In the competitive market, the demand of some product may increase due to the consumer's preference on some eye-catching product. Therefore, the demand of the product at the time of its growth and the phase of declination may be approached by continuous-time-dependent function. These continuous-time-dependent functions may be a function of exponential or linear type. Ritchie [3] discussed the solution of a linear increasing time-dependent demand, which is obtained by Donaldson [4] . Silver and Meal [5] developed a model for deterministic time-varying demand, which also gives an approximate solution procedure termed as Silver-Meal Heuristic. Donaldson [4] discussed the policy for a linear, time-dependent demand with no shortages. Deb and Chaudhuri [6] reconsidered the extension of Donaldson [4] model. Dave [7] and Goyal et al. [8] derived the optimal method for different replenishment policy by allowing shortages. Goswami and Chaudhuri [9, 23] developed an EOQ model by assuming a linear trend demand, finite rate of replenishment with shortages. Another EOQ models for linear trend in demand was adopted by Dave and Patel [10] and Sachan [11] . Further, deteriorating items with exponential demand developed by Aggarwal and Bahari-Kashani [12] and Wee [13] . Raffat et al. [14] and Mak [15] considered EOQ models depending upon deterioration and other different assumptions like instantaneous or finite production rate. Ouyang et al. [20] proposed an EOQ model for deteriorating items with exponentially decreasing demand where shortages are allowed and partially backordered. Here, the backlogging rate is variable and dependent for the next replenishment on the waiting time. Bhunia and Maiti [22] developed the model in which the production rate is variable. They presented the model where shortages are not allowed and the production rate depends on either the onhand inventory or on the demand.
Depending upon the production rate, Su et al. [19] presented a production inventory model for deteriorating items with an exponentially declining demand over a fixed time horizon. In this model, the production rate depends on demand. In that paper, shortages are allowed and completely backlogged. Ghosh et al. [16] developed a model with timedependent demand, finite production rate and shortages by assuming a two-parameter Weibull demand rate. Here shortages are allowed and completely backlogged. Balkhi and Benkeherouf [17] developed a model by taking the consideration of fixed production schedule for deteriorating items in which demand and the production are allowed to vary with time in an arbitrary way at a constant rate of deterioration. Other researchers like Wee and Law [18] assumed a deterministic model and considered deteriorating items with price-dependent demand rate, a time-varying deterioration rate and finite production rate with time value of money over a fix time horizon. Hollter and Mak [21] developed inventory replenishment policies for deteriorating items. They considered replenishment problems with declining demand. Again, Aggarwal and Bahari-Kashani [12] developed a model assuming flexible production rate for deteriorating items.
In the present article, we have assumed an inventory model for items with exponential demand. The production rate is finite and proportional to the demand rate. The timedependent demand rate increases exponentially or decreases depending upon the shape parameter. Here shortages are allowed and completely backlogged. Numerical examples have considered for illustrating the developed model. The development of this model is to minimize the total average cost. Sensitivity analysis is carried out by taking the account of major parameters. Finally, the total average cost and some computational procedure of a few important results have been shown in Appendices A, B and C.
Assumptions and Notations
The mathematical model of the inventory problem is developed on the following assumptions:
(a) The demand rate R at any time is given by ( ) The notations used: C 1 is the carrying cost per unit time, C 2 is the shortage cost per unit time, C 3 is the set up cost per production and C is the total average cost for a production cycle. All these costs C 1 , C 2 , C 3 are fixed and known at the time of production run.
Mathematical Modeling and Solution
Initially, the stock level is zero at time
, the shortage starts and accumulates to the level P at 1 t t = . The production inventory level starts at 1 . At the instant of time, the production starts to clear the backlog by the time , , , , , t t t t S P Let Q(t) represents the instantaneous inventory level at any time ( )
. The differential equations governing the instantaneous states of Q(t) in the interval ( are as follows
with the following boundary conditions
Using the value of ( ) 
and .
Solving the equations (6)- (9) and substituting the above boundary conditions, the solutions are as follows: (12) [ ] Substituting the initial condition in equation (10) and (11), we obtain (see Appendix A)
Substituting the initial condition ( ) S t Q = 3 in equation (12) and (13), we obtain (see The total average cost of the system is (see Appendix B) [ ] (19) and ( )
Numerical Analysis
Let us consider an inventory system with the following data: α =100, β =1.5, λ =2.5, =25, =30, = 40 in appropriate units. From equation (19) and ( It is numerically verified that all the examples considered here are satisfying the sufficient condition in equation (18).
Sensitive Analysis
We now study the effects of changes in the system parameters 
Conclusion
The demand of a product may increase with time due to the incoming of a new product, which may be technically good and attractive than the old one, and also the demand of the new product may decrease with time. The given model deals with exponential timedependent increasing demand. Here the rate of production depends on demand. Shortages are allowed and are completely backlogged. Numerical examples and its sensitivity analysis for parameters are considered to assess the solution procedure. The present paper develops an algorithm to determine demand, which is increasing or decreasing exponentially with time. The proposed model is more sensitive with respect to the parameter β . As the value of β decreases, the demand decreases and as the value of β increases, the demand increases. Therefore this vary of demand is really seen in stock market. Inventory modelers considered demands so far was only two types of timedependent demand i.e. linear and Weibull demands. For the first case, the demand rate function is of the form
, which implies steady increase or decrease in demand, which may be rarely seen to occur in the real market. For the second case, the demand rate function is of the form ( )
. The demand rate increases at If we consider an example of real world, in which we may face such exponentially avail situation.
In real market situation, demand is unlikely increase at a rate, which is very high as exponential. Whenever some new attractive products launched in super market or some seasonal items happen in beginning of season like winter, the demand of that product or item is increasing depending upon the rate of purchase. This type of demand is quite appropriate for products like winter vegetables, fruits in the city of Himachal Pradesh and Jammu-Kashmir, Rourkela etc. As the season progress, the demand rate goes on increasing and gradually approaching a saturation level. Similarly, considering the case of spare parts of newly introduced aircrafts, computer etc. The demand rate reaches a level of maximum as the production rate is increased. It may be noticed that as β increases, the nonlinearity of the time-dependence demand rate increases (see Appendix C). Similarly, the spare parts of obsolete aircrafts, computer chip undergoes decline in demand rate. Therefore an exponential demand is more realistic than other type of demand. 
